Chemokines play an important role in the host response to infection because they are responsible for collecting leukocyte subsets in the sites of pathogen entry. Many inflammatory diseases such as rheumatoid arthritis, inflammatory bowel disease, and asthma are associated with high expression of chemokines. [4] [5] [6] [7] In addition, chemokines are responsible for the migration of cells in lymphoid organs such as the thymus, lymph nodes, and spleen. In processes such as angiogenesis and atherosclerosis, cardiovascular chemokines also play a role. Although the primary function of chemokines is a collection of leukocytes in the site of inflammation, 8, 9 they have biological activities including regulation of cell differentiation, proliferation, survival, and aging. Expression of chemokine and their related receptors have been observed in a variety of human diseases including cancer. 10 In cancer biology, chemokines, and their receptors, by collecting leukocytes in the location of the tumor, promote surviv- al, proliferation, and spreading of the tumor cells. 11 In this paper, more than fifty articles from literature were reviewed to investigate briefly the regulatory role of atypical chemokine receptors CCX-CKR in some human diseases such as cancers and inflammatory diseases.
Chemokines
Chemokines are a large group of cytokines with 6-14 kDa molecular weight and 70 to 125 amino acids.
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. Chemokines play their roles by binding to seven transmembrane cell surface receptors, coupled with G proteins. 13, 14 They selectively control adhesion, chemotaxis, and activation of many leukocyte populations; that is why they are known as the main regulators of leukocytes trafficking. 15 Some chemokines are involved in the early stages of inflammatory processes and others are constantly expressed and have important roles in the cell hemostasis and development. Chemokines are permanently produced in lymphoid and non-lymphoid tissues and organs such as skin; in this case, they guide the newly built leukocytes to achieve their proper place. The thymus produces continuously some chemokines, and B cells produce chemokines, as well. 16 Indirect effects of chemokines are not limited to the immune system. Chemokine family members have also a regulatory role in angiogenesis and wound healing. Usually, inflammatory chemokines are induced by inflammatory responses. Contact with the pathogen or inflammatory cytokines such as tumor necrosis factor (TNF)-α enhances the chemokine production. Chemokines through the induction of leukocyte adhesion to the vascular endothelium cause their migration to the tissues. After migration, leukocytes move toward high concentrations of chemokines. Leukocytes accumulation at sites of infection is directed by chemokines. This is one of the requirements for an appropriate response to infection. 17 Despite the similarity in the fourth structure of the chemokines, a large difference in the amino acid sequence between the members of this group can be seen. So far 48 different genes encoding the chemokines have been diagnosed. To this, the polymorphisms including editing, N-and C-terminal regions processing, and chemokines that are coded by the viruses, should be added. Therefore, the number of chemokines may reach to thousands of different types. 18, 19 Chemokines based on the presence and layout of four conserved cysteines at the N-terminus are divided into four groups including CXC, CC, C, and CX3C. 20, 21 The nomenclature for chemokine families is based on the time of their genes recognition. However, in addition to the regular designations, all chemokines have other names based on their functions or the origin of the cells that produce them.
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Chemokine Receptors
The chemokines in the target cells interact with cell surface receptors of the GPCR. The molecular weight of these receptors is 40 kDa and they are made up of 340-370 amino acids with acidic N-terminal. Receptor structure is a seven transmembrane α-helix that whose N-terminal is outside of the cell and C-terminal is inside the cell membrane. These receptors have three loops inside and outside the cell membrane. In each of the four extracellular domains of these receptors, there is a conserved cysteine that binds to the disulfide. 23 One of the GPCR binding sites on protein G, a highly conserved area among these different types of receptors is called DRYLAIV (or DRY) that includes the amino acids aspartic acid, arginine, tyrosine, leucine, alanine, isoleucine, and valine. This conserved motif area is located between the second transmembrane helix and the second intracellular loop. When the ligand binds to the receptor, the most major motif, namely DRY, is exposed to the protein G and activates it. Gα protein interacts directly with second and third intracellular loops and Gβ subunit. Normally, after chemokine receptor activation by binding and in response to stimulation by ligands and in long-term exposure, desensitization occurs to a received message. In this case, the receptor is internalized and degraded in lysosomal vesicles or returned to the cell surface. The endocytosed receptor determines the severity and duration of response to a received message. Internalization of the receptor is an independent event of G protein. In this process, G protein-coupled receptor kinases (GRKs) are involved that are able to phosphorylate the receptor at the end of C-terminus (the amino acids serine and threonine). The phosphorylation leads to the interaction with β-arrestin that has the ability to create independent pathways of G protein. After arrestin protein binding, clathrin-mediated endocytosis of receptor is done. Another internalization pathway occurs less frequently by mediating the caveolae and independence of β-arrestin and clathrin proteins. This event has been observed in CCR2, CCR4, CCR5, DARC, and CCX-CKR receptors. [24] [25] [26] Chemokine receptors similar to chemokines have inflammatory and hemostatic types. In addition, they are classified based on the chemokine that binds to them. CC (CCRs) acceptors identify CC subgroups; whereas CXC (CXCRs) acceptors identify CXC subgroups. Each chemokine can bound to several different receptors and create intracellular signaling pathways. 27 However, the binding pattern of chemokines is specific and chemokine receptor family members only bind to the same group. This means that CC chemokines do not interact with CXC receptors and they only bind to CCR receptors. However, binding of chemokines such as CCL 26, to the other types of receptors such as CX3CR1, has been observed. 28 
Silent Chemokine Receptors
Because chemokines play an important role in regulating the immune system, there must be a mechanism that controls the distribution and degradation of them. Atypical chemokine receptors are a subfamily of chemokine binding proteins that are involved in GPCR signaling pathways. They efficiently affect the function of typical chemokine receptors by the internalization and degradation of chemokines. 1 That is why they are called scavenger proteins, decoy, intercepting receptors, and silent receptors.
The main difference between silent chemokine receptors and GPCR receptors is DRYLAIV motif. Any change in DRY motif can dissociate G protein and therefore it could prevent the intracellular signaling pathways. Because of this, cells would not polarize or migrate. 30 Atypical chemokine receptors together with normal chemokine receptors usually are expressed in wide areas and are rarely found in the blood leukocytes. These receptors also bind with different chemokines; for instance, D6 protein binds to CC and CXC. Naming different kinds of these chemokine receptors, unlike the G protein binding chemokine, does not follow a general rule. The members of this family include DARC, CCX-CKR, D6, and CXCR7. 
CCX-CKR (CCRL1) Proteins
CCX-CKR is an atypical chemokine receptor protein, which is also called CCR11, (CC-motif) receptor-like 1 (CCRL1), and atypical chemokine receptor 4 (ACKR4). This protein was identified for the first time in 2000 as a possible chemokine receptor in a region of 3q22.1. 31 It is made up of 350 amino acids with a molecular weight of 40 kDa, which is highly homologous to a taste receptor named PPR1. It has also amino acid sequence similarity with the other chemokine receptors, particularly CCR7 (36%) and CCR9 (33%). In this protein, DRYLAIV conserved motif has been changed to DRYVAVT. 27, 32, 33 This receptor, like other atypical chemokine receptors, is not able to flux calcium and downstream signaling pathways by binding with a ligand. This atypical chemokine receptor like DARC binds to the CC and CXC chemokine subfamily receptors. However, unlike the DARC and D6, it binds with high affinity to homeostatic chemokines such as CCL19, CCL21, CCL25. 33, 34 This silent chemokine receptor also binds with low affinity to CXCL13 which is a ligand for CXCR5 receptor. 8 In an effort to locate the protein expression, conflicting results was reported. At the level of mRNA by RT-PCR analysis of human cDNA, it became clear that some populations of immature dendritic cells, T cells, the spleen, 35 lymph nodes, non-lymphoid tissues such as the heart, kidneys, 36 brain, and placenta expressed this protein. However, in Heinzel et al study on CCX-CKR1-EGFP knock-in mice, search for CCX-CKR1-EGFP expression was done. Due to the lack of EGFP expression in the heart, brain, kidneys, and spleen, these results were in contrast to previous studies that had reported its expression in mRNA level. 34 Despite all studies conducted on these receptors, the cell origin of them is unclear. By making specific antibodies for these proteins, it is expected that in the future studies, more accurate results about the expression of these receptors be announced. 37 During the internalization of chemokines by CCX-CKR caveolae, pathways are involved instead of dependent β-arrestin clathrin pathways which are main pathways for common chemokine receptors. The connection of caveolin with transcytosis has been investigated. This suggests the internalization of chemokines from one side of the cell and appearing them from another cell surface. 30 However, further studies confirming the CCX-CKR is necessary to support this function. Studies conducted in 2013 showed a new role for this protein.
1 If the cells simultaneously express the chemokine receptor CXCR3 and CCX-CKR, heterodimer receptors could still be generated that could prevent the chemotaxis generated by the CXCR3. The possible causes of this event can be a reduction in CXCR3 ligands access to specific binding sites on the receptor and negative binding cooperativity. 
Regulatory Role of CCX-CKR Receptor in Breast Cancer
Breast cancer is one of the most dangerous and common cancers in women. Survival rates of patients with aggressive and metastatic cancer are low. There is a complex of chemokines and their respective receptors in the microenvironment of tumor that could be a target for the treatment of cancer. 38 Chemokine/receptor axes of CXCR4/ CXCL12, CCR9/CCL25, CCR7/CCL19 (CCL21), and CXCR5/CXCL13 are the most important axes affecting metastasis, survival, and proliferation of cancer cells. [39] [40] [41] However, chemokine receptor axis alone is not the effective mechanism in cancer cell metastasis. A high expression level of the CCR7 receptor in breast cancer cells have been reported. 42 Moreover, CCR7/CCL19 (CCL21) axis was observed in the development of many cancers such as lung, gastrointestinal, and melanoma. CCR9/CCL25 axis in addition to breast cancer also plays a role in breast carcinoma, prostate, melanoma, skin, and uterine cancers (Table 1) . 43, 44 Studies have shown that a high level of CCL2 chemokine could be found in the serum due to the invasion and metastasis of breast cancer cells. D6 overexpres- sion in breast cancer cells by the internalization and degradation of CCL2 prevents the development and invasion of tumor in vitro and inhibits the tumor growth and metastasis of lung and lymph nodes in vivo. 45 Furthermore, overexpression of D6 or DARC in MDA-MB-231 breast cancer cells internalized CCL2 and destroyed it. 46 Feng et al created breast cancer cell lines that express CCX-CKR receptor to study the effect of this protein on the cancer. 47 In contrast to this study, no expression was observed in cancer cells with the ability to metastatize into the lung tissue but its expression was observed in noninvasive cancer. In this research, the relationship between the expression of CCX-CKR and reduction of the growth and metastasis of cancer cells was investigated. 47 Thus, overexpression of CCX-CKR prevents the spreading and invasion of breast cancer cells in vitro and also inhibits the tumor growth and metastasis of it into the lung and lymph nodes in vivo. In a study, in 98 patients with breast cancer, a significant correlation was observed between the expression of CCX-CKR and metastasis of lymph nodes. 47 Overexpression of CCX-CKR had an indirect correlation with the lymph node metastasis. In addition, it was found that overexpression of this gene is associated with increased length of survival. CCX-CKR role in cancer can be studied from two directions: the effective role in reducing a number of chemokines in cancer development and also the ability to inhibit the chemotaxis or to make different messenger pathways in which as a result of its interaction with other receptors heterodimerization is created.
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Role of CCX-CKR in Inflammatory Diseases and Atherosclerosis Atherosclerosis is one of the cardiovascular disorders and the main cause of death. 8 This disease is associated with the accumulation of leukocytes, particularly macrophages and T cells. MCP chemokines (MCP-1, MCP-4, and MCP-2) play a role in inflammatory diseases, particularly atherosclerosis. In 1999, it was shown that inhibition of macrophage migration into the atherosclerotic lesions, by inhibiting the interaction of MCP-1 with the receptor CCR2, can be helpful in the treatment of atherosclerosis. 49 In a study, MCP (MCP-1, MCP-4, and MCP-2) receptor was introduced as ligand of CCX-CKR. According to CCX-CKR expression in the heart, it is possible that this protein reduces inflammatory conditions by reducing the environmental chemokine and therefore could be effective in the treatment of heart disease. However, further study did not support this. 50 
The Role of CCX-CKR in Autoimmune Encephalomyelitis
The CCX-CKR receptor with the internalization and degradation of CCR7 receptor that is a homeostatic chemokine plays a regulatory role for this receptor. 51 By producing CCX-CKR -/-mice, Comerford et al confirmed the function of these receptors under in vivo conditions. 52 CCX-CKR -/-rats compared to wild-type ones demonstrated 5-fold increase in the blood levels of CCL21 protein, and 2 to 3 times increase in CCL19 and CCL21 chemokines in the peripheral lymph nodes. In experimental autoimmune encephalomyelitis model (EAE), in CCX-CKR -/-mice compared to wild type, the disease developed faster and more intense, which was associated with an increase in CCL21 in the central nervous system (CNS). In wildtype mice due to the reduction of CCL21 effect, the disease was occurred with delay. Recent reports showed that EAE disease is dependent on the axis of the chemokine receptor CCR7/CCL19-CCL21 that leads to the development of autoimmune diseases in response to Th17.
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The role of CCX-CKR receptor in pulmonary sarcoidosis In another study, an increase in the expression of CCL19 and its receptor CCR7 in pulmonary sarcoidosis was proven. 53 Pulmonary sarcoidosis is known as a persistent local inflammatory response in alveolar and interstitial space. 54 Kriegova et al evaluated gene expression level of CCX-CKR in patients with pulmonary sarcoidosis. 55 In this study, using RT-PCR method, enhancements of mRNA of CCX-CKR gene was shown in patient samples compared to the control. Using local immunocytochemistry, CCX-CKR protein expression in bronchial cells was determined. It was also assessed by flow cytometry fluorescent ligand uptake that showed the ability of ligand internalization by these cells. The CCX-CKR expression by the bronchial cells in the sarcoidosis patients showed the role of this receptor in the modification of immune response and inflammation in the lungs.
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Conclusion
In recent years, the identification of atypical chemokine receptors has led to further complexity in the network of chemokine interactions. As mentioned above, these receptors influence the amount of chemokines and their functions through different pathways such as internalization, degradation, and transcytosis. CCL19, CCL21, and CCL25 play an important role in diseases such as autoimmune diseases and cancers by affecting the survival and migration of cells. Interaction of CCX-CKR with these ligands leads to the internalization and degradation of these ligands; therefore their levels would be decreased in the environment. Chemokines expression is controlled at different levels of transcription, translation, and post-translation. Based on the information obtained from function and structure of the atypical chemokine receptors, the degradation of this protein on the chemokines would be considered as post-translational control mechanisms. Due to this property, silent chemokine receptors can be used as a model for designing molecules with similar properties, to reduce the level of chemokines as novel therapies.
57
Ethical Approval Not applicable.
Competing Interests
Authors declare that they have no competing interests.
